Objective: Functional neurological disorders (FNDs) and psychogenic nonepileptic seizures (PNES) are likely as common in Sub-Saharan Africa (SSA) as in the rest of the world, but there is a dearth of literature on the epidemiology and clinical presentation of these disorders in Africa. The purpose of this paper is to describe a case series of FNDs presenting to a referral hospital in SSA. In addition, we review the existing literature on FNDs in Africa. Methods: A hospital-based retrospective cross-sectional study was conducted to determine the prevalence, epidemiology, and clinical phenotype of FNDs and PNES in a referral hospital in Northern Tanzania over a 6-year period (2007)(2008)(2009)(2010)(2011)(2012)(2013). Results: Of 2,040 patients presenting with neurological complaints, 44 (2.2%) were diagnosed with FNDs. Half (n = 22) had the clinical presentation of PNES. Age of presentation for FNDs and PNES peaked in the teen years 12-19 (n = 21 48%; and n = 14, 63%, respectively), and the majority were female (n = 30, 68%; and n = 14, 63%, respectively). The majority presented acutely with short-lived and self-limiting symptoms (only 2 recurrent cases). Literature review revealed multiple reports of "mass hysteria" in SSA often meeting the clinical criteria of epidemic FNDs. Significance: FNDs and PNES occur in Africa with age and gender distribution comparable to that found elsewhere. Although the percentage of FND cases overall was relatively low (2.2%), it is likely to be an underestimate because not all cases were recorded, and cases may be appropriately managed locally before patients are referred to a hospital. PNES was the most common phenotype of FNDs reported, and the African phenotype may be short-lived and self-limiting rather than chronic and recurrent, as reported elsewhere in the world. PNES presentations may also occur in clusters, which may have cultural significance in Africa. FNDs in Africa appear to be underreported, particularly over the last 30 years.
Introduction
Functional neurological disorders (FNDs) are conditions in which patients experience neurological symptoms that are not due to underlying neurological disease. FNDs occur worldwide and descriptions date back to Hippocrates in 700 B.C. 1 The terminology for FNDs has evolved over the centuries, and includes the following: hysteria, psychogenic complaints, dissociative states, neurologically unexplained symptoms, somatoform, and conversion disorder. The currently favored term functional neurological disorder 2 emphasizes how the condition is a disorder of function, not of structure or disease. Major risk factors for FNDs include psychosocial stressors and posttraumatic stress disorder (PTSD). 3, 4 The main clinical presentations of FNDs include the following: loss or impairment of speech, vision, power, sensation, consciousness, or gain of involuntary movements or spells concerning for seizures. A thorough clinical and neurological assessment, often with additional investigations (eg, imaging, lab work), is necessary to exclude underlying disease. Reassuringly, a British 18-month follow-up study of neurologically unexplained symptoms showed that only 0.4% ultimately received disease diagnoses that plausibly explained the patient's original symptoms. 5 Treatment of FNDs requires careful, empathetic counseling on the diagnosis, recognition of psychosocial or posttraumatic stress as a trigger, and reassurance regarding the absence of organic disease. 3, 4 In practice, inadequate attention to psychosocial stress factors is common due to limited clinician awareness, understanding, or time to spend counseling the patient.
There is scant current medical literature (ie, publications from the 21st century) on the incidence, prevalence, and characteristics of somatization and FNDs in Sub-Saharan Africa (SSA). High rates of somatization or psychogenic complaints have been reported in a handful of studies of certain subpopulations in SSA, often occurring in association with traumatic events such as war, displacement, human immunodeficiency virus (HIV) infection, and gender-based violence. [6] [7] [8] [9] Moreover, several studies of African immigrant populations conducted in North America, Europe, and Australia, report that FNDs are as common in the African immigrant population [10] [11] [12] as in other subgroups. A 1996 World Health Organization (WHO) collaborative study among 15 primary care centers in 14 countries, including a center in Nigeria, used reliable instruments to study the phenomenon and epidemiology of somatization in different cultures in a uniform way 13 ; they found that frequency of unexplained somatic symptoms did not clearly vary according to geography or level of economic development. The authors' conclusion was that somatization is a common problem in primary care across cultures and is associated with significant health problems and disability. 13 In 2011, a working group of the International League Against Epilepsy (ILAE) produced an international consensus-based clinical practice statement on the management of neuropsychiatric disorders associated with epilepsy 14 ; this statement identified psychogenic nonepileptic seizures (PNES) as among the top 3 neuropsychiatric problems that needed to be addressed around the world. Subsequently, an ILAE PNES Task Force was founded to summarize the current evidence and guidelines on the diagnosis and treatment of PNES. Recently, this Task Force published a report on "PNES around the world: where we are now and how we can close the diagnosis and treatment gaps." 15 In the report, they provide a knowledge update about the etiology, epidemiology, subgroups of PNES, and treatment gaps. In addition, the report described different approaches to clinical management and unique obstacles for the disorder in 6 different countries, including Zambia. In Zambia, as in Tanzania, regional health centers have limited access to electroencephalography (EEG), especially overnight EEG, cranial imaging, and individuals trained in PNES identification and management; the authors' conclusions were that there is a strong need to increase awareness about PNES, develop infrastructure for diagnosis and management, develop proper teaching and training modules for clinical officers and nonspecialists, develop a strong referral system, and increase the number of health professionals trained in the management of PNES. 15 In SSA, profound treatment gaps exist for neurological and psychiatric conditions. [15] [16] [17] For example, studies have shown that up to 70% of patients with epilepsy and Parkinson's disease do not get diagnosed or treated. 18 The treatment gaps are largely due to inadequate resources and a shortage of trained neurologists and psychiatrists, but other barriers to treatment include cultural stigma and traditional beliefs regarding patients with neuropsychiatric conditions. 15, 16 The stigma may in part be based on traditional cultural beliefs regarding the etiology of neurological or psychiatric symptoms as "spirit disorders," such as the Malawian disorder "vimbuza" characterized by various neuropsychiatric complaints. 19 In the ILAE PNES Task Force report, the authors noted that in Zambia, epilepsy is not considered a "normal medical condition" by the population, but instead a mental disorder 15 ; this likely contributes to the medical treatment gap for both epileptic seizures and nonepileptic seizures. FNDs straddle the boundary between neurological and psychiatric conditions, so they can be challenging to recognize and treat.
PNES are defined as paroxysmal, time-limited disturbances of body function that mimic epileptic seizures, but that are not associated with abnormal electrical discharges in the brain seen in epileptic seizures. Thus the definitive way to distinguish PNES from epileptic seizures is with EEG testing, although there are multiple clinical clues that
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• The 30-year gap in PNES reports from Africa reflects a changed prioritization since the era of HIV/AIDS help distinguish the conditions. 20, 21 For example, diagnosis can be made based on positive features of the examination (eg, Hoover's sign, resistance to eye opening) or attack (eg, prolonged sudden motionless unresponsiveness with eyes closed). One major risk factor for PNES is PTSD from a history of emotional, physical, or sexual abuse. 4 ,20 PNES can be acute and self-limited or chronic and protracted, and may occur in case clusters, such as recently described in a Tanzanian school. 22 Although many studies describe and characterize PNES in high-income countries, only a few studies come from SSA and these are mostly from the Republic of South Africa and in select populations. 23, 24 Most published references on FNDS and PNES in SSA predate the arrival of HIV in Africa during the early 1980s. 19, 25, 26 FNDs and PNES are an underreported and potentially underrecognized challenge in SSA. This retrospective hospital-based study reports a case series of patients presenting to a hospital in Tanzania in East Africa with FNDs, half of which had the clinical phenotype of PNES. This study is the first to report the prevalence and clinical presentation of FNDs presenting to a tertiary referral center in SSA, and the first dedicated literature review of FNDs and PNES in SSA in the 21st century.
Methods
The purpose of the study was to determine the prevalence, epidemiology, and clinical phenotype of FNDs presenting to a major tertiary care hospital in Northern Tanzania. This hospital-based retrospective cross-sectional study was conducted at the Kilimanjaro Christian Medical Centre (KCMC) in Moshi, Tanzania, 27 which has had its own medical school since 1999, training both physicians and ancillary healthcare providers. Medical ethical clearance for the study was obtained from the ethics committee at KCMC College. A 600-bed teaching hospital and tertiary referral center with outpatient clinics, KCMC covers a catchment population of over 16 million people. Northern Tanzania has limited diagnostics and interventions available: one computed tomography (CT) scanner and one EEG machine to facilitate routine studies, and the closest magnetic resonance imaging (MRI) scanner is~80 km away in Arusha, Tanzania. Imaging studies are costly for patients (CT 75 Euro, MRI 315 Euro), which limits their use to patients and families who can afford them, since there is not a national healthcare system. Two (MD, WH) of Tanzania's seven practicing internationally boarded neurologists are based at KCMC in the medicine (1) and pediatric (1) departments; there is no stand-alone neurology department, and these 2 neurologists, as well as a neurologist-in-training (SU), evaluate all the patients presenting with neurological complaints.
The study population consisted of all patients aged 12 years and older who presented for initial evaluation of neurological complaints to the adult neurology outpatient clinic or were admitted to KCMC adult wards during the 6-year study period from April 2007 to March 2013. Each patient was seen and examined by specialty-trained neurologists who determined the primary underlying diagnosis for the neurological complaints. Exclusion criteria included prior history of neurological disease, clinical or investigational evidence of preexisting neurological disease (unrelated to the presenting complaints), or previous presentations to KCMC for the complaints.
A total of 2,040 subjects who met inclusion and exclusion criteria were entered into a database. Data collected for each subject included age, sex, primary neurological diagnosis, and disease category. Disease categories included stroke, infection, paraplegia, confusion/coma, space-occupying lesion, neurodegenerative disease, and "other." Figure 1 illustrates the prevalence of each disease category in the study population. FNDs fell into the category of "other." Laboratory and radiological investigations were performed at the KCMC main laboratory and radiology department. EEG and CT scanning were obtained as clinically indicated if patients could afford the cost. Data were analyzed and graphed using Open Source software. 28 A literature review was conducted using PubMed (http//www.ncbi.gov).
Results
Of the 2,040 patients presenting for evaluation of neurological complaints, 44 (2.2%) were diagnosed with an FND, and formed the primary study group. Each of the 44 patients presented with neurological complaints and had examination findings consistent with FND (such as Hoover's sign, distractibility), but had no evidence of underlying organic disease on history, examination, or investigations. Thirty (68%) of the 44 patients with FND were female and 21 (48%) were under the age of 20 years.
The most common clinical phenotype of FND was PNES: half (22) of the 44 patients presented with PNES. Other common clinical phenotypes included an inability to walk (n = 9, 20.5%), functional movement disorder (n = 6, 13.6%), stroke-like presentation (n = 4, 9.1%) such as hemiplegia, loss of vision (n = 2, 4.5%), and confusion/ coma (n = 1, 2.3%) with evidence of preserved consciousness on examination. Figure 2 illustrates the prevalence of each phenotype. Of the 22 patients with PNES, 63% (n = 14) were female. Figure 3 illustrates the skewed age distribution of patients presenting with PNES, with most patients being younger: 63% (n = 14) were under 20-yearsold and 82% (n = 18) were under 30-years-old. Two (9.1%) of the 22 patients with PNES returned to KCMC to report recurrence of their PNES. younger age of onset (teenage years) was noted in this study.
In the experience of one of the authors (MD), a similar gender distribution is seen in children under 12-years-old in the pediatric neurological population at this referral center (M. C. J. Dekker/W. P. Howlett: unpublished preliminary data). In contrast to reports on high recurrence rates of up to 70% from Europe and North America, 20,29 this study's data suggest that patients with PNES have lower rates of re-presenting to a tertiary referral center for reevaluation (2/22 or 9.1%). The 2 patients who repeatedly presented with a recurrent form of PNES (one male and one female) were teenagers with concomitant depression and PTSD, respectively. In the experience of the authors, most cases of PNES had short-lived and self-limiting symptoms (M. C. J. Dekker/W. P. Howlett: unpublished preliminary data). The reasons for the infrequent re-presentation of PNES cases to a single medical center in this population are unclear, but this pattern has been observed in the past in SSA. 26 However, a limitation of this cross-sectional study is that it is uncertain what percentage of the patients had recurrent PNES and did not return to KCMC; instead, they may have presented to local healers or different healthcare centers.
Although the percentage of reported FND cases in the total case series of neurological presentations is very low (n = 44/2040, 2.2%), this is likely an underestimate of the true prevalence of FNDs. A limitation to the study was that not all cases were recorded due to incomplete or lost paperbased records, inability to run necessary tests to rule out organic disease (eg, cost, access to necessary equipment), and a tendency for general hospital-based physicians without formal neurology or psychiatry training to rule out organic disease without further mentioning any suspicion of FND. As evidence of probable underreporting, 4 patients (all women) presenting with FNDs were admitted to the KCMC Medical Department in January 2015 30 ; although this cluster may have represented a statistical anomaly, if half that number of FND cases (2) presented monthly over the 6-year study period, there would have been 144 subjects with FND admitted to the hospital alone, not including the clinic evaluations. In addition, because clinical workups were performed in a resource-poor setting, patients may not have been given the definitive diagnosis of FND because they were unable to access or afford the necessary diagnostic studies (eg, EEG, CT, and MRI) to definitively rule out neurological disease. It is probable that a higher percentage of the "other" category of neurological diagnoses represented unconfirmed FND. Finally, a critical limitation to the study that reduces its broad applicability to the Tanzanian population as a whole, is that the cost of medical evaluation likely deterred many patients from presenting to the hospital. Furthermore, other factors such as religion, age, and literacy may also have deterred certain subpopulations from presenting to the hospital. For example, the younger average age of patients in this study may be because younger patients are more comfortable with newer Western medicine approaches; and, the shorter life expectancy of people in Tanzania (men 60 and women 64, per WHO 2015  data   31 ) may have contributed to the lower average age of presentation.
On the other hand, referral bias may be a significant reason for the low percentage of FND cases presenting to KCMC, a tertiary care hospital and major referral center in Northern Tanzania. As described in Peltzer's 1989 article on the "Nosology and etiology of a spirit disorder (Vimbuza) in Malawi," 19 there may be an existing traditional African healer or community health worker approach to recognizing and managing mental health presentations and FNDs. In Pelzer's study, the most common reasons cited for the etiology of vimbuza are "bad ancestral spirits," "naturally" or "by itself" where predispositions such as family history are recognized; "too much thinking over personal problems" such as death of a child, divorce, or other trauma; and "witchcraft." Consequently, FNDs in traditional SSA communities may not utilize as many hospital resources as this population does in the West. 32 We hypothesize that the traditional African community approach to management may be more cost-effective than the Western approach, since the few existing studies report lower rates of recurrent presentations to specialized medical centers. However, there is no robust evidence to support this hypothesis and further research in this area is merited.
In high-income countries, the reported phenotypes of FNDs include less well-defined phenomena such as pain syndromes and diffuse weakness, 5 and FNDs are frequently associated with extended sick leave and high healthcare costs. 32 FNDs in high-income countries can have delayed diagnosis for prolonged periods, often due to clinician fears of misdiagnosis and possible litigation, poor social acceptance of mental health disorders and FNDs, and insufficient access to mental health treatment. In a South African study of life after PNES diagnosis (in which 6/10 subjects were white), most subjects (6/10) were employed at follow-up; although most (9/10) were still experiencing PNES recurrences episodically, 24 delayed diagnosis of greater than 1 year had occurred in 4/10 subjects. Regardless of country of origin, if the psychosocial aspects of FNDs are overlooked or unaddressed then functional outcomes are poor, and may lead to ongoing psychological suffering and stigmatization. 15, 20, 23, 24 Perhaps Western medicine has something to learn from the African approach to FND management.
PNES appears to be a very common clinical phenotype of FNDs in SSA, 23, 24, 26 as supported by this study (Figure 2 ). The most recent medical literature on PNES in SSA comes from the Republic of South Africa, 23, 24 with epidemiology similar to that of the present study. Since as early as the 1950s, there were reports of FNDs in Africa. 33 In Osuntokun's unique large-scale study (9,359 patients) from 1957 to 1968, only 23 patients were reported to have FND (often PNES) with an age and gender distribution similar to that of our study. 25 In Spillane's book on "Tropical Neurology" from 1973, authors from various countries in Southern, Eastern, and Western Africa report on the spectrum of neurological disorders in the respective African regions. 26 They refer to FNDs as a disease category regularly encountered, albeit under the terms hysteria and neurosis. The authors suggested that occurrence rates were comparable to those in Europe. Numerous epidemic outbreaks of FNDs or "mass hysteria" have been reported as recently as 2017, 22 often occurring in grade schools. 33, 34 Such epidemics were reported in South Africa, Tanzania, Malawi, Zimbabwe, Zambia, and Uganda. In a literature review of the topic, Kokota suggests that "mass hysteria" may be more common in SSA than in other parts of the world, 33 although there is no clear evidence to support this hypothesis. The apparent increase in cases may be the result of reporting bias, therefore mass hysteria is likely just as prevalent in Western countries as in SSA.
There was a large gap in reporting of FNDs and PNES in Africa from the 1970s to the present, except for case reports cited above and the literature from South Africa. 23, 24 The gap in literature may be secondary to the scarcity of practicing neurologists and the perception of what falls in the neurological domain, a virtual absence of mental health services, and traditional medicine practices. In addition, since the HIV/AIDS epidemic emerged in Africa in the 1980s, the reporting of neurological disorders in SSA has been dominated by the neurological sequelae of HIV/ AIDs. 15, 21 However, FNDs have always existed and continue to pose a clinical challenge worldwide. This study's data are largely in line with the epidemiology of other countries and cultures: there is female predominance, the proportion of FNDs that present as PNES are similar, and there is a younger age of presentation (which must be taken in the context of local life expectancy). 15, 35, 36 The fact that the epidemiology is similar across countries and cultures suggests that the spectrum and demography of FNDs and PNES may not be very different between Tanzania and wealthier countries, and that relatively fewer patients with FNDs are seen (or rather diagnosed) at specialized medical centers in Tanzania for the reasons discussed earlier. Fortunately, progress is being made, as evidenced by the recent ILAE Commission on the Neuropsychiatric Aspects of Epilepsy 14 and the ILAE PNES Task Force, 15 although there remains a great need for further research on the causes and optimal treatments, education of healthcare providers, and patient advocacy.
Conclusion
FNDs and PNES commonly occur in SSA and have been underreported in last half century. This retrospective crosssectional study of FNDs and PNES notes a marked female predominance (71% and 63%, respectively) and younger age of presentation (48% and 67% aged 12-19 years, respectively), which is consistent with worldwide epidemiology. This hospital-based study noted a low rate of re-presentation of cases to the hospital (9.1%); however, we cannot draw firm conclusions about recurrence rates, since patients may have re-presented elsewhere. Although this study reported a relatively low number of cases over the 6-year period (2.2%), the study was limited by incomplete records and referral bias. Increased knowledge and awareness are critical to the successful diagnosis and management of FNDs and PNES worldwide.
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